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(57) ABSTRACT 

A gesture recognition process includes tracking an object in 
tWo frames of video, determining differences betWeen a 
location of the object in one frame of the video and a 
location of the object in another frame of the video, obtain 
ing a direction of motion of the object based on the 
differences, and recognizing a gesture of the object based, at 
least in part, on the direction of motion of the object. 

26 Claims, 4 Drawing Sheets 
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METHOD AND APPARATUS FOR 
PERFORMING SCALE-INVARIANT 

GESTURE RECOGNITION 

TECHNICAL FIELD 

This invention relates to performing scale-invariant ges 
ture recognition. 

BACKGROUND 

Automatic gesture recognition requires a system to obtain 
information about the motion of an object performing ges 
tures. A video camera captures frames of video, With the 
object of interest in the ?eld of vieW of the camera. The 
direction of motion of the object is inferred based on the 
frames. In traditional systems, the distance betWeen the 
object and the camera affects the perceived motion and, 
therefore, affects the accuracy of gesture recognition. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of video camera and computer 
system for capturing images of an object. 

FIG. 2 is a block diagram of one embodiment of a gesture 
recognition process. 

FIG. 3 is a ?oWchart shoWing the operation of the gesture 
recognition process. 

FIG. 4 is block diagram of a computer system on Which 
the gesture recognition process may be implemented. 

DETAILED DESCRIPTION 

FIG. 1 shoWs a video camera 10 coupled to a computer 11, 
such as a personal computer (PC). Video camera 10 captures 
frames of video and transfers those frames to computer 11, 
Where they are processed. The frames of video include 
movements of an object 12 (e.g., the hand of person/subject 
14) positioned in the ?eld of vieW of video camera 10. 

FIG. 2 shoWs a block diagram 15 of a gesture recognition 
process that is implemented by computer 11 using the 
frames of video captured by video camera 10. Feature 
extraction block 16 includes object tracker block 17 and 
direction extraction block 19. Object tracker block 17 tracks 
multiple objects in frames of video and direction extraction 
block 19 obtains a direction of motion (i.e., a trajectory) of 
each object based on the output of object tracker block 17. 
Gesture recognition block 20 includes predetermined ges 
ture blocks 21 and comparator block 22. Each gesture block 
21 takes the output of direction extraction block 19 and 
produces a probability that an observed gesture matches a 
prede?ned gesture. 

In this embodiment, gesture blocks 21 are Hidden Markov 
models that are trained using the Baum-Welch algorithm, 
although the invention is not limited to use With this type of 
gesture block. Each gesture is de?ned by multiple gesture 
performances that are captured as part of the training pro 
cess. Comparator block 22 determines Which of the prob 
abilities generated by gesture blocks 21 is the largest. The 
gesture that corresponds to the largest probability is the 
gesture that most closely matches the gesture performed by 
the object. This prede?ned gesture is output. 

FIG. 3 is a ?oWchart shoWing a process 25 that is depicted 
in FIG. 2. Process 25 tracks (301) an object 12 in the ?eld 
of vieW of video camera 10 (FIG. 1). The object may be 
anything that can be tracked, examples of Which are a 
recogniZable body part, such as a hand, an arm, or a head of 
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2 
a subject 14, or it may be a predetermined ?esh tone Which 
indicates an exposed body part. Alternatively, the object may 
be a color tracker bracelet or other body sensor, headband, 
gloves, or similar article of clothing Worn by subject 14. 

Process 25 receives video data from video camera 10 and 
produces an array of object positions using object tracking. 
Object tracking is Well-knoWn in the art and is described, for 
example, in Bradski, G. R., “Real Time Face And Object 
Tracking As A Component Of A Perceptual User Interface”, 
Applications of Computer Vision, 1998, WACV ‘98, 
Proceedings, Fourth IEEE Workshop, pgs. 214—219 (Oct. 
19—21, 1998). 

Process 25 determines (302) the ?rst order differences 
betWeen a location of each object on a pair of video frames. 
The video frames may be consecutive or non-consecutive, in 
this case. Process 25 determines the difference betWeen the 
x coordinate of the object in a current frame x(t) and the x 
coordinate of the object in a previous frame x(t-1), and the 
difference betWeen the y coordinate of the object in a current 
frame y(t) and the y coordinate of the object in the previous 
frame y(t-1). The ?rst order differences dx(t) and dy(t) for 
the object are as folloWs: 

Process 25 obtains a value (303) corresponding to the 
direction of motion of the object based on the differences 
dx(t) and dy(t). This value, 0, is determined as folloWs: 

6=tan’1(dx(t)/dy(t)), 

Where “tan_1” is the inverse tangent function. Because the 
value, 0, is determined based on the differences betWeen the 
locations of the object in tWo frames, the direction of motion 
of the object is invariant to the scale and translation of the 
object. In other Words, the direction of motion of the object 
Will not change regardless of the distance (“Z” in FIG. 1) 
betWeen object 12 and video camera 10 (scale invariance) 
and regardless of the location of the object in the ?eld of 
vieW of the video camera (translation invariance). 

For example, assume that an object performs some ges 
ture at tWo distances from the camera, namely Z‘ and Z“. The 
trajectory of the object in 3D is given by X(t), Y(t) and Z‘ for 
the ?rst performance of the gesture, and X(t), Y(t) and Z“ for 
the second performance of the gesture. Although the ges 
tures at Z‘ and Z“ are the same, the object’s motion observed 
in the video frame is different due to its location relative to 
the video camera. The object’s motion at Z‘ is given by x‘(t) 
and y‘(t) and, at Z“ is given as x“(t) and y“(t), Where these 
values are de?ned as folloWs: 

y" (l)=Y(l)/Z " 

When the direction of motion given by the quotients dy“(t)/ 
dx“(t) and dy‘(t)/dx‘(t) is determined, the Z values (Z‘ and 
Z“) cancel. That is, 
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Thus, dy‘(t)/dx‘(t)=dy“(t)/dx“(t), proving that the differences 
are scale (e.g., “Z” value) invariant. It can be similarly 
shoWn that the motions are translation invariant. 

Gesture recognition operates on a ?nite-duration video 
clip. Initial and ?nal frames de?ne the video clip. These 
frames can be de?ned by a constant time interval or by 
variable time intervals, such as beats in music, other audio 
indicators, or any other type of perceptible indicator. 

Process 25 repeats 301 to 303 a number N (N; 1) times 
to obtain N vectors (i.e., directions of motion) that describe 
a gesture of object 12. The N vectors correspond to the N “6” 
values that are obtained from N pairs of frames that com 
prise the video clip. Thus, a gesture is de?ned by N vectors, 
each of Which is determined from a pair of frames according 
to the above process. 

Once a gesture performance (N vectors) has been 
captured, process 25 uses (304) the gesture performance to 
determine the probability that the gesture performance cor 
responds to a prede?ned gesture. In this context, the pre 
de?ned gestures are derived from a training set of motion 
vectors that have been previously determined. The determi 
nation may be performed using a Hidden Markov Model 
(HMM) engine that identi?es a given gesture from among its 
“vocabulary” of stored gestures. The HMM engine includes 
a bank of HMM modules, one per gesture. Evaluation of the 
likelihood that a gesture performance corresponds to a 
prede?ned gesture is implemented using a Viterbi recogni 
tion process, although other recognition processes may be 
used, examples of Which are neural netWorks and Bayesian 
Classi?ers. 

Process 25 selects (305) the predetermined gesture that 
most closely matches the gesture performance obtained. In 
this embodiment, process 25 selects the gesture recogniZed 
by the HMM engine. The selected gesture may then be used 
for any purpose, one example of Which is to control the 
motion of an animated character displayed on computer 11. 
Other functions may be performed using the selected 
gesture, such as that of a deviceless remote control, Which 
recogniZes gestures to change channels, e.g., of a television 
or the like. 

Since process 25 alloWs a person greater freedom of 
motion relative to video camera 10 (i.e., since process 25 is 
scale, “Z” value, and translation invariant), process 25 can 
be used in a variety of systems. For example, process 25 may 
be used to introduce the motion of a person into a video 
game, e.g., to simulate dancing, ?ghting, or any other 
motion. A person’s physical movements thus can be trans 
lated to the on-screen movements of an animated character, 
making the person feel like part of the on-screen action. 
Process 25 may also be used in virtual reality or command 
and control systems. Other gesture recognition processes not 
described herein can also be improved by using the forego 
ing process to obtain scale and translation invariance. 

FIG. 4 shoWs a close-up vieW of computer 11. Computer 
11 includes a processor 30 that is capable of processing 3D 
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4 
graphics, a memory 31, and a storage medium 32, e.g., a 
hard disk (see vieW 33). Storage medium 32 stores softWare 
34 (Which includes computer-executable instructions) for 
performing process 25, bank of prede?ned gestures 35, and 
data 36 for a 3D model. Processor 30 executes softWare 34 
out of memory 31 to perform process 25. 

Although a personal computer is shoWn in FIG. 4, process 
25 is not limited to use With any particular hardWare or 
softWare con?guration; it may ?nd applicability in any 
computing or processing environment. For example, process 
25 can be used With a personal digital assistant (PDA) or 
other hand-held computer. Process 25 may be implemented 
in hardWare, softWare, or a combination of the tWo. For 
example, process 25 may be implemented using logic gates 
such as NAND and NOR gates, programmable logic such as 
a ?eld programmable gate array (FPGA), application 
speci?c integrated circuits (ASICs), and/or a camera sensor 
or other electronics Within video camera 10. 

Process 25 may be implemented in one or more computer 
programs executing on programmable computers that each 
include a processor, a storage medium readable by the 
processor (including volatile and non-volatile memory and/ 
or storage elements), at least one input device, and one or 
more output devices. Program code may be applied to data 
entered using an input device to perform process 25 and to 
generate output information. The output information may be 
applied to one or more output devices. 
Each such program may be implemented in a high level 

procedural or object-oriented programming language to 
communicate With a computer system. HoWever, the pro 
grams can be implemented in assembly or machine lan 
guage. The language may be a compiled or an interpreted 
language. 

Each computer program may be stored on a storage 
medium or device (e.g., CD-ROM, hard disk, or magnetic 
diskette) that is readable by a general or special purpose 
programmable computer for con?guring and operating the 
computer When the storage medium or device is read by the 
computer to perform process 25. Process 25 may also be 
implemented as a computer-readable storage medium, con 
?gured With a computer program, Where, upon execution, 
instructions in the computer program cause the computer to 
operate in accordance With process 25. 

Other embodiments not described herein are also Within 
the scope of the folloWing claims. For example, process 25 
is not limited to use With gestures performed by people. 
Process 25 may be used to simulate gestures of any device 
or other movable object. Process 25 is not limited to use With 
HMMS, neural netWorks, and Bayesian Classi?ers; other 
classi?ers can be used instead of, or in addition to, these 
classi?ers. Process 25 is not limited to use With Cartesian 
coordinates, and can be used With any coordinate system. 

Process 25 can also be used outside the context of video 
games. For example, the video output may be ultrasound or 
other image-capturing system. In this regard, process 25 is 
not limited to use With video input. An RF (radio frequency) 
tablet, mouse, or other sensor may be used to provide gesture 
training data for use With gesture recognition. 
What is claimed is: 
1. A method comprising: 
tracking an object in tWo frames of video; 
determining differences betWeen a location of the object 

in one frame of the video and a location of the object 
in another frame of the video; 

obtaining a direction of motion of the object based on the 
differences; and 

recogniZing a gesture performed by the object based, at 
least in part, on the direction of motion of the object; 
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wherein the differences comprise ?rst order differences 
between coordinate locations of the object in the tWo 
frames of video. 

2. The method of claim 1, Wherein: 
the coordinate locations of the object comprise Cartesian 
X and Y coordinate locations; and 

the ?rst order differences comprise a difference in the X 
coordinate location of the object in the tWo frames of 
video and a difference in the Y coordinate location of 
the object in the tWo frames of video. 

3. The method of claim 1, Wherein the direction of motion 
corresponds to a value that is obtained based on a quotient 
of the differences. 

4. The method of claim 3, Wherein the value is obtained 
by taking an inverse tangent of the quotient of the differ 
ences. 

5. The method of claim 1, further comprising: 
repeating, N times (N 1), tracking, determining and 

obtaining to obtain N vectors, each of the N vectors 
de?ning a direction of motion of the object, the N 
vectors together de?ning a gesture performed by the 
object; 

Wherein recogniZing is performed using the N vectors. 
6. The method of claim 1, further comprising: 
selecting one of prede?ned gestures that most closely 

matches the gesture of the object. 
7. The method of claim 1, Wherein tracking comprises: 
capturing the tWo frames of video betWeen indicators; 
obtaining the location of the object in the one frame of 

video; and 
obtaining the location of the object in the other frame of 

video. 
8. The method of claim 7, Wherein the indicators comprise 

perceptible indicators. 
9. The method of claim 1, Wherein the direction of motion 

and gesture recognition is invariant relative to a scale and a 
translation of the object. 

10. An article comprising: 
a computer-readable medium that stores computer 

executable instructions that cause a computer to: 
track an object in tWo frames of video; 
determine differences betWeen a location of the object 

in one frame of the video and a location of the object 
in another frame of the video; 

obtain a direction of motion of the object based on the 
differences; and 

recogniZe a gesture performed by the object based, at 
least in part, on the direction of motion of the object; 

Wherein the differences comprise ?rst order differences 
betWeen coordinate locations of the object in the tWo 
frames of video. 

11. The article of claim 10, Wherein: 
the coordinate locations of the object comprise Cartesian 
X and Y coordinate locations; and 

the ?rst order differences comprise a difference in the X 
coordinate location of the object in the tWo frames of 
video and a difference in the Y coordinate location of 
the object in the tWo frames of video. 

12. The article of claim 10, Wherein the direction of 
motion corresponds to a value that is obtained based on a 
quotient of the differences. 

13. The article of claim 12, Wherein the value is obtained 
by taking an inverse tangent of the quotient of the differ 
ences. 

14. The article of claim 10, further comprising instruc 
tions that cause the computer to: 

repeat, N times (N 1), tracking, determining and obtaining 
to obtain N vectors, each of the N vectors de?ning a 
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direction of motion of the object, the N vectors together 
de?ning a gesture performed by the object; 

Wherein recogniZing is performed using the N vectors. 
15. The article of claim 10, further comprising instruc 

tions that cause the computer to: 

select one of prede?ned gestures that most closely 
matches the gesture of the object. 

16. The article of claim 10, Wherein tracking comprises: 
capturing the tWo frames of video betWeen indicators; 
obtaining the location of the object in the one frame of 

video; and 
obtaining the location of the object in the other frame of 

video. 
17. The article of claim 16, Wherein the indicators com 

prise perceptible indicators. 
18. The article of claim 10, Wherein the direction of 

motion and gesture recognition is invariant relative to a scale 
and a translation of the object. 

19. An apparatus for performing gesture recognition, 
comprising: 

a camera to capture a video of an object, the object 
performing a gesture; 

a feature extraction mechanism to track the object in 
frames of the video and to extract a feature sequence 
based on the frames, the feature sequence including a 
direction of motion of the object obtained based on 
differences betWeen a location of the object in one 
frame of the video and a location of the object in 
another frame of the video; and 

a gesture recognition mechanism to recognize the gesture 
performed by the object based, at least in part, on the 
extracted feature sequence; 

Wherein the differences comprise ?rst order differences 
betWeen coordinate locations of the object in the tWo 
frames of the video. 

20. The apparatus of claim 19, Wherein: 
the coordinate locations of the object comprise Cartesian 
X and Y coordinate locations; and 

the ?rst order differences comprise a difference in the X 
coordinate location of the object in the tWo frames of 
video and a difference in the Y coordinate location of 
the object in the tWo frames of video. 

21. The apparatus of claim 19, Wherein the direction of 
motion corresponds to a value that is obtained based on a 
quotient of the differences. 

22. The apparatus of claim 21, Wherein the value is 
obtained by taking an inverse tangent of the quotient of the 
differences. 

23. The apparatus of claim 19, Wherein the processor 
executes instructions to: 

select one of prede?ned gestures that most closely 
matches the gesture of the object. 

24. The apparatus of claim 19, Wherein the feature extrac 
tion mechanism comprises: 

an object tracker component to capture frames of the 
video betWeen perceptible indicators and to obtain a 
location of the objection in a frame of the video; and 

a direction extraction block to obtain the direction of 
motion of the object based on the frames and locations 
of the objection in the frames of the video. 

25. The apparatus of claim 19, Wherein the direction of 
motion and gesture recognition is invariant relative to a scale 
and a translation of the object. 



US 6,944,315 B1 
7 8 

26. The apparatus of claim 19, wherein the gesture a comparator to select one of prede?ned gestures that 
recognition mechanism comprises: most closely matches the gesture of the object, based on 

a plurality of prede?ned gesture units to store a plurality probabilities Obtained by the plurality Of prede?ned 
of prede?ned gestures, and to produce a probability of gesture units. 
the gesture matching a prede?ned gesture, based on the 5 
feature sequence eXtracted by the feature extraction 
mechanism; and 


